The amino acid sequences of a number of closely related proteins ("napin") In another study, the isolation of five napin proteins from B. napus was described (13). The amino acid compositions of the three major components, napins nII, nIII, and nIV, the sequences of the N-and C-terminal ends of both chains (14), and the sequence of the entire small chain of nIII were reported (15). However, these napin proteins could not be unambiguously correlated with known gene or cDNA sequences, and the results obtained for the processing sites of the napin chains were only partially consistent with those proposed previously (2).
Napin, a member of the 2 S albumin class of proteins, is one of the major seed storage proteins in Brassica napus, constituting about 20% of the total protein content in mature rape seeds (1, 2). These proteins are expressed during seed development as precursors, undergo co-and posttranscriptional modifications, and are then transported to membranous organelles (protein bodies) where they accumulate in large quantities. There is increasing interest in napin proteins and their genes because they represent a good model for studying both the expression of a multigene family and protein maturation processes in plant cells (3) (4) (5) (6) (7) . DNA-binding studies provide some evidence for a role of napin in the regulation of its own high level of synthesis (A.K. and J.B., unpublished data). Napin contains a short track rich in basic amino acids typical of nuclear localization signals (8), and also glutaminerich domains that are characteristic of one group of transcription factors (9, 10). Furthermore, x-ray studies of phaseolin, another seed storage protein, showed a domain with structural similarity to the helix-turn-helix motif found in certain DNAbinding proteins (11) .
Mature napin consists of two polypeptide chains that are linked by disulfide bonds (2). It appears from comparison of these polypeptide chains with the corresponding DNA sequences that the initial translation product is a 20-kDa precursor protein (2-4) that contains both the peptide chains of mature napin as well as peptide stretches that are removed during maturation. First, an N-terminal signal peptide is removed from the precursor, which is subsequently cleaved at
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four other points, yielding two disulfide-linked peptide chains with molecular masses in the range of 4-10 kDa (2).
Several different napin polypeptides can be expected as products of expression of a gene family of at least 10 (4) and perhaps more than 16 members (5). Four genomic sequences, napA (4), napB (6), gNa (5), and BngNAP1 (12), and three cDNA sequences, pNl and pN2 (3), and pNAP1 (2), were published. Mature napin protein was sequenced by Edman degradation without prior separation of isoforms (2). The sequence of one single main component was found to correspond to the cDNA sequence of pNAP1 and the gene sequence of napA (which are identical), and only minor sequence heterogeneity was observed.
In another study, the isolation of five napin proteins from B. napus was described (13). The amino acid compositions of the three major components, napins nII, nIII, and nIV, the sequences of the N-and C-terminal ends of both chains (14) , and the sequence of the entire small chain of nIII were reported (15). However, these napin proteins could not be unambiguously correlated with known gene or cDNA sequences, and the results obtained for the processing sites of the napin chains were only partially consistent with those proposed previously (2).
To assess the function of plant storage proteins and eventually allow genetic engineering of improved grain crops, the detailed primary structure of these proteins must be known. For Relatively small amounts (<1 nmol) of partially HPLCfractionated (see Fig. 1 
RESULTS
To facilitate the discussion, it may help to summarize the final conclusion first. It turned out that the napin isolated from B. napus is a rather complex, inseparable mixture of very similar peptides. The MALDI mass spectrum of this mixture exhibits a broad, only partially resolved signal ranging from 13 to 15 kDa. To make the problem manageable, it was necessary to convert the native material into the short and long chains by reduction and alkylation of the disulfide bonds (2). The resulting mixture, the MALDI spectrum of which shows clusters of peaks around 4 kDa and 10 kDa, can be partially separated by RP-HPLC (Fig. 1) Table 1 for the segments 3-39, 6-39, and 7-39). To 511.6 511.7 10-12 10-12 10-12 10-12 10-12 513.6 6-9 6-9 6-9 6-9 6-9 982.9 983.2 -t 1-9 1-9 1-9 1005.4 1006.3 6-12 6-12 6-12 6-12 6-12 1119.6 1119. 511.7 10-12 10-12 10-12 10-12 10-12 814.7 815.0 3-9 3-9 3-9 3-9 3-9 886.1 886.0 2-9 2-9 2-9 2-9 2-9 972. Because the N-terminal amino acid of the short chains of BngNAP1, BngNAP1A, and gNa is proline, the mass difference of + 14 Da could possibly also be due to N-methylproline, a modification that to our knowledge has been observed only once (22) . However, the MALDI-PSD spectrum mentioned above matches only that of synthetic <QAGPFRIPK and differs significantly from that of the corresponding Nmethylproline peptide (S. Wolf and K.B., unpublished data).
As stated earlier, the reduced and S-ethylpyridylated long chains are better separated by HPLC than the short chains ( Fig. 1) , as indicated by the data shown in Table 1 . The spectrum of fraction 3 shows the presence of the intact long chain of napA (4) and C-terminal truncation by loss of serine and then proline. The Endo-Lys-C (Tables 2 and 3) tAlso from BngNAPI'. The MALDI-MS data obtained from fraction 6 similarly indicate that it consists chiefly of BngNAP1 (12), both fulllength C-terminally truncated (loss of S and PS) and Nterminally truncated (loss of PQGPQ) versions. There is also another isoform, termed BngNAP1C, that is 29.7 Da heavier than BngNAP1. Pairs of peaks differing by about the same mass were also found for the C-terminally processed forms, but not for those starting with amino acid 6. Thus, the only difference between these two isoforms must be near the N terminus. Edman sequencing of fraction 6 indeed revealed the presence of both glycine and serine at position 3, which causes the observed mass difference of -30 Da. This finding explains a similar earlier observation (14) .
The peptides produced from fraction 4 by clostripain (Table   5) Biochemistry: Gehrig et aL. chains differing from those previously known are listed in Table 6 .
While the identification of the short and long chains and their primary structures present in the napin isolated from B. napus was now complete, it remained to be determined which of these were linked together by disulfide bonds. The increase in sensitivity and resolution resulting from recent modifications ("delayed ion extraction") of the MALDI-TOF instrument and its operation (17) allowed the assignment of at least the major short chain-long chain combinations based on molecular weight measurements (Table 7) . DISCUSSION Napin isolated from B. napus was found to be a complex mixture of closely related proteins (Fig. 2) (23) (24) (25) , the codon changes are too varied beyond the known C U, U -> C (26), and A I (i.e., G) (27) cases of editing.
It should be noted that no evidence for the long chain of gNa as derived from the published genomic DNA sequence (5) could be found, nor any other sequence containing P, P, R, and V in positions 10, 11, 38, and 61 .
The mass spectrometric evidence indicates that most of the napin chains are also present partially truncated at either or both termini (see Table 1 ). The N termini of the full-length chains of those derived from a DNA sequence are in agreement with the specificity of a recently discovered enzyme (28), which cleaves C-terminal to asparagine (amino acid shown in parentheses at the N termini in Fig. 2 ). The sequence of napA previously determined by the Edman method (2) begins with isoleucine, which according to the DNA sequence is preceded by arginine. However, now this turns out to be an N-and C-terminally truncated form (aa 7-35) and is thus not in disagreement with the enzyme specificity. According to the DNA sequence corresponding to napA (4), position -1 is Asp (see Fig. 1 ) indicating that its close relationship to Asn is sufficient for proper processing of the proprotein.
Upon inspection of the DNA-derived known amino acid sequences, we noticed that the amino acid following the completed, nontruncated C terminus is always an aromatic amino acid (shown in parentheses in Fig. 2) . Thus, the second set of peptide-bond cleavages necessary to generate the short and long chains seems to be also due to an enzyme that specifically cleaves N-terminal to Phe, Tyr, or Trp, particularly when preceded by Ser (or Gly, in the case of the long chains of gNa and gNaA).
